ABSTRACT
Metastatic colorectal cancer (MCRC) is a deadly solid tumor, and its incidence is still increasing in parts of the world, notably Asia [1] . In the United States there are approximately 150,000 new cases diagnosed per year [2] . Worldwide, approximately 1.2 million cases occur each year [3] .
Drug therapy for MCRC has undergone an evolution over the past decade-from 5-fluorouracil (5-FU)-based therapy, to combination and sequential therapies that also incorporate the chemotherapeutics irinotecan and oxaliplatin, to the recent addition of targeted agents. Currently, patients with a good performance status typically begin on oxaliplatin plus 5-FU/leucovorin (FOLFOX) or irinotecan plus 5-FU/leucovorin (FOLFIRI), with bevacizumab added to either regimen. Median survival time under the best circumstances is about 20 months, provided the patient can tolerate exposure to multiple lines of chemotherapy [3] . Efforts to improve overall survival have resulted in the development of a number of targeted agents used at various stages of therapy, including bevacizumab, cetuximab, and panitumumab. Bevacizumab, approved by the FDA in combination with irinotecan, fluorouracil, and leucovorin, primarily targets the vascular endothelial growth factor (VEGF) pathway, while cetuximab and panitumumab target the epidermal growth factor (EGF) pathway [4, 5] . Despite the addition of new targeted agents to the chemotherapy backbone, the 5-year survival of patients with metastatic disease is only 8% [6] .
What has targeted therapy added in terms of MCRC survival? Bevacizumab has been investigated in the first-line setting in randomized trials. In a large double-blinded first-line study, patients received XELOX or FOLFOX4, then either bevacizumab or placebo. The response rate and median overall survival time were not significantly different between the two groups [3] . Bevacizumab has not been tested in a randomized controlled first-line setting with FOLFIRI, and pooled studies involving bevacizumab have not conclusively demonstrated that its addition to standard front-line regimens increases survival beyond what is currently achieved with FOLFOX or FOLFIRI alone [2, 7, 8] . Pooled analysis of the impact of adding bevacizumab to chemotherapy in a recent Cochrane review revealed a median survival of 20.5 months, which approximates survival achieved with usage of the three chemotherapeutic agents alone [9, 10] .
Cetuximab has been demonstrated to increase median overall survival by 1.5 months in the third-line setting, but no difference has been noted in the second-or first-line setting [2, 3] . Panitumumab has received the most recent United States approval for MCRC after failure of first-and second-line therapy. In the pivotal trial, no difference in overall survival was noted when compared to best supportive care alone [3] .
Solid trial data and subsequent clinical experience support the use of the three main cytotoxic agents-irinotecan, oxaliplatin and the fluoropyrimidines-which by all accounts have increased survival in a meaningful manner [2, 3] . Studies involving cytostatic targeted agents have, on the other hand, demonstrated marginal incremental benefit, with significant added cost and emergence of new classes of side effects [2] .
Arguably, a survival ceiling is being reached for most patients with MCRC. Ongoing investigations of the cytostatic drugs erlotinib, gefitinib, sunitinib, vatalanib, and other antiangiogenesis inhibitors are unlikely to provide further major survival improvements in patients with advanced CRC. Further, the PACCE and CAIRO2 trials, which combined VEGF and EGFR inhibitors with chemotherapy, demonstrated worse outcomes for the combinations of VEGF with EGFR inhibitors [6] . Current approaches in development are encumbered by intrinsic or acquired tumor resistance coincident with dose-limiting toxicity and high cost, preventing truly meaningful improvements in longevity and affordability, with fewer drug-related side effects. New, very original approaches to MCRC beyond targeted therapy deserve increased attention and development efforts.
